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Abstract not available for JP 2003527296 (T) 
Abstract of corresponding document; WO 0168955 (A1) 
A boule formed by higli rate vapor phase growth of Group III-V 
nitride boules (ingots) on native nitride seeds (Figure 1), from 
which wafers may be derived for fabrication of microelectronic 
structures (Figure 5). The boule is of microelectronic device 
quality, e.g., having a transverse dimension greater than 1 
centimeter, a length greater than 1 millimeter, and a top surface 
defect density of less than 10&ll;7> defects cm<-2>. The 
Group III-V nitride boule may be formed by growing a Group Itl-V 
nitride material on a corresponding native Group III-V nitride seed 
crystal by vapor phase epitaxy at a growth rate above 20 
micrometers per hour. 
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ttK^^-rSo ^^WSL<{i. .t^'^7;^^D±®«^mi:. 1 cm' fefc!? 1 

o' mm^L<j,i. ts^)V(D±m^mmmiis i o' 

[0 0 16] 

s'j©iiM«tcfc'v^T. *%0^ji. 1 cm' fefco 1 o' ^m^m(o±m^m 

'P^^<t%,5. OcmcDES. '>^<^fel cmm^^^^t^Ul-Wm 
[0 0 17] 

[0 0 18] 

[0 0 19] 

^n°popjTMoM¥mtt^{^ ^-r § fc i6 . 1 1 1 - V mmim ^j^^^-^mmt 



[0 0 2 0] 

[0 0 2 1] 
[0 0 2 2] 

[0 0 2 3] 

]^t>VXtt^X7N-p«gjcffi^5AtnSxVWXMW«5g. ^J^f^. fg^^V^t 

[0 0 2 4] 

[0 0 2 5] 



*iI#Hl^mMNo. 0 8/1 8 8. 4 6 9. 1 9 9 4^ 1 H 2 7 Bfflll. fgH^ 
#M ichael A. Tischlerr, et al. . iJS. 
nffS, 6 7 9. 1 5 ; 

^mm^mmNo. o 8/9 5 5. i6 8^. 1997^10^210^11. 

Michael A. Tischler, et al. ; 

*@#f^mM No. 08/984, 473. 1 9 9 7 ^ 1 2 ^ 3 BtHM. 
fg0J5# Robert P. Vaudo, et al. ; 
*B#f^mMNo. 0 8/1 7 9, 0 4 9 . 1 9 9 8^ 1 0^ 2 6 SmM. 
Robert P. Vaudo. et al. 
[0 0 2 6] 

^mMli. IgHmill-VKSfbtl &mi (a l. Ca, I n) -N) . 

^^HffSa (M^vi cm^'oiO . lmm^®^ss^^S'r^^}-^^;^^. m 

^mmt,mn-^n. 4mic^mrj:^]±mm(D'Z^m^^mw.t^o (a i, g 

a, In) -N|grBO<J;9^y^ffi^^D^§?S^C0ffif§v-F^ffll^T. y^^^m 
[0 0 2 7] 

±mi^mmLx. ^ig r (a 1, ca, i n) -Nj tii. um^mmoD^ 

9^2 3 ^'t^RZI 4 fiSc^^©,fi«/ctt-e^ <. AK Ga. ^^tflntj: 

ffifg r (A 1, Ga, In) -NJ ti. ±SH©^^tJ:-^msa^^ LT. Hjc 
ft-^tlA IGaN. GalnN. Al In N^mftit-^^SA 1 G a I n N/citT 
{k^tlA IN. G aN. I nN^-a-t?o (G a. A K In) foZ^7^(Ddt> 

§^Ga. AK I nj^j^mco^^-rmM^MmimLx) mitmmmm 
c tA^-DT. '^kcoG amm^m-t^mmtiK imm^^^ (Ga. ak in)- 



(20) 1tg2 0 0 3-5 2 7 2 9 6 

[0 0 2 8] 

fiScSjiSoMsxif^^iy- (VPE) K^^^^^jimm^^tSo 

[0 0 2 9] 

43 (TCE) Rxfrn^^m-^immLTc^^m^-^^s nm^m 

iI$^V^T% (1 Omm^S^^SffiOTO) m^^t^"^ )WU(Om^^^mt^o 

mLl^Tc (A K Ga. In) -Niz-FISrstt. l^;^)^:&57??S-eMbTfeS 

mi^'Dxi^mk\mi:^n^mmmu±.i^i^m^(Dmm^^t3 o&iLhtc (a i 
. G a. In) -mn(ommmmmm\.fcmw&it. ishmr o b e r t 

p. Vaudo, et a 1 T\ 1 9 9 8^ 1 0>^ 2 6 HtCtBl^^nfc^JS'^O 

^fflltimMHO 9/1 7 9, 0 4 9^ rfSMim (a K G a. I n) -N 

Rxsm-'^^mm.t^rcM^-^'y^ Y%mj^^ chvfe) yn-trxj ^^t^ait 
1^115, 6 7 9, 1 5 z^izm^stnx^^^) o 

[0 0 3 0] 

m^lf. lo' cm"' *?^(Dl5fit^g^*5j;^l 0 cm' OM^WrS;^ 
ffl^cDG a Niy-Fti. H V P E^^'J 7 htyK^-DX^^zm^'^mX^^ 

[0 0 3 1] 

^mmfu^7.li. l«p°p«:& (A K Ga. I n) -N4?'>;W*^^«ig 

p.t#?)n§e/- ¥^m\^^x^m^mxh^o 

[0 0 3 2] 



(omm^:&\^mf^ctit^i&r^h^^ m^i^. (o o o o ffi>?)^^ 5 sow 
<i 1 oo>xa<i 1 2 o>:^iRitciR]*^oT:^[Ri{ttte.n§o s/ 

-FM[nl$-^J:fcc-ffi«ISiJ (N-SSX{iIIII^-«) ti. x 
[0 0 3 3] 

MS L < :&V^;^)\ -9-7 ret < tiJ^lk^^^O J; 9 ^fefS^OMffii^- 
[0 0 3 4] 

a^>'-F^fi)c«f^^o:^^'^;^r^«^l^S:t>ws^^cfc'^t§M^^M 

mt arable. m-^t^mo:)-:fjm^mi^rt>x\.\ ^^^h^. mBm^m^<Di^ 

[0 0 3 5] 

S«^>^-&. ilM^tt^^;^. >'-F:^^P,Ci^ 
jl^SfflLTfej;v\ f^ij^if. ^gxtf^^s/- (VPE) . {t:^0^« (CV 

D) . mmmmm (pvd) . ^^nxif^^s/- (mbe) . ^^^sm^^ 

f@xlf^^>-- (MOVPE) . /N-TF-^^F^^gxlf^^iy- (HVPE) 

(AKGa. I n) -N^fcli, m(Dl I l-Vtmim. S i C 
. Ol^"^;VcDMmfi«?)Tfc46©l-OCD»SLV^itir^m«^§) SiN 



rt>^\^\ ^^^-y^mmmwi. ^mm^ms, ooe. 914^. Bee 

t z. Jr. RX}^mmm5, 0 3 0, 5 8 3^B e e t z. Jr. Jc+^Hc 
[0 0 3 6] 

i&^K^mm. L < ii:^^^)i^m^(Dxmmm^i&mt^rcJ6K7i^'-yif^n 
. m^S:^i&m'r^j^y^ymm^rcim^mm^^t^^^^~yi^'- fot 

{g:;^PfSP-^;W^»figRTt|-efe^o (AKGa. I n) -N^''>;l/>()^?,»tf L/C 
(A K Ga. In) -Ni/^Fti. ^tM©^^^'>MS©fc46^^:Wi^« 

mm L /cii^^e3(^^ n/c i/- f^^Sh^h^^wt ^ s^^f^v w x o°oK«s tr^^o 

[0 0 3 7] 

*f80JO-|imi«iC*3l^T. v^-F^ffiti. ffV^ (A K Ga. I n) -N 
[0 0 3 8] 



N^imt^TcmcGa N/-^y T^r^mV. G a NcD^^fMOfg^^^fg 

^y^Nd : YAGI^-1f-OM3 5 SnmMfi. ge^O/iJ6t'9-7T 

AIMIM^i;. (7 0 nm) ©G a N^^ilJ-M^n^o 
^nfc)^ GaNCTLT. 1 cm' S/cD'fiJO. 3 i>^a-;l/^±|l]§ 

) (i, m^l?ffijl«^^^-9-7r-r7:^)^^GaN(D^WMfg-r§o 

[0 0 3 9] 

^n. (A K Ga. I n) -Nm^s^§Mi:£7)»^«^DM^;:J:§^ 
[0 0 4 0] 

mm^mwm (tem) ^mm^mmLxt>x\y\ mtf. GaN-ea. 

FISrB±ffi0^i5(l^^afi. M^L<til o' cm' 
CDG a Nxi^i^f ^S/-tC||S^n§^Pfimtl»Cj:ki^^n§o 
[0 0 4 1] 

^~^;V«Ofc46tC^ (A K Ga. In) -NOit^yb^ M 

5iSgfflxt°^^>/- (VPE) giStCctoT. ^fT$n§©«WfiJTfe§c 



[0 0 4 2] 
[0 0 4 3] 

M%^mt. 5 0 /im/B#^^@^§^fijl;g:^)\ $ft L< a. 2 0 0 /im/Bt^ 

^^s^^figftM/b^ t L < 5 0 0 fim/mm^m^^i^^mmtimm 

^n§o figfifi. G aNTM9 0 0-1 1 0 0°C. A 1 NTii,1^9 5 0-1 2 
0 0 °C. I n N l:im 7 0 0-9 0 0 °COy^ST\ ^^^fiJC^-.g^±|HSa^ 

[0 0 4 4] 

mwt^mm^Li,^ m. mmitffi o : i oooonhs /umti^-i&m 
TfeD. NHs (Dj^mm^i&^-t^) o 

[0 0 4 5] 
[0 0 4 6] 

mmtLx. ummMma. mmm^v'^^rj:mmmmmMt Arabic 



WM-^n^ (^(D^-cymitLr. ^mmmms, 204, 314^^15^5 

, 536, 323-^. Kirlin et al. /^)^T?S^$tlTl^§) □ /O^jO^^ 
[0 0 4 7] 

[0 0 4 8] 

WfiJtC^i. MOG a N.i^'^^S^D/ci^tC. G a N4^^'>;^5b^^Mb/c^|g 
[0 0 4 9] 

ntc^^X^^t^o io'-h'^i^~V±X(DG aNt^J^mt^TciblC. M^«\ i?5c 



[0 0 5 0] 

o wimtLx. ±mm(D^m^^mr^m4mm^^rci6ic^ m^if. caN 
KMLxiis i 02 tresis i 3 tDj:^^) ^s.mmnx\ ^^b<d&^ 

[0 0 5 1] 

oTfecJ:v\ fl:^!i^¥»f*tc$5U^T. Jg?©»«felii* m^tm^&x^^ 

S^^t^^Da. 4H. 6H. 1 5 RRt53 CT-fe^o GaNTi*. 7N:^rH 
^ (2H) RXimmW^BmmW^B or) CH. S e 1 k e e 

t a I. , J. Cryst. Growth 208, 57 (2 00 0) )R 

[0 0 5 2] 



^&US. (Matsunami.W. S. Yoo. PhD Thesis, 

1 99 i^i^4^. PMi^m . J±tSs iy-¥Xi±MM(Dm wmi. f-yy^u 
-VtLX\£iyi-)\ymW ^MMK^^. t/cSJR^nfc«ti^DWte (H. 
Iwasaki et al., Appl.Phys. Lett. 63, 2 

6 3 6 (1 9 9 3) ) ^cj:-3T. ^^u&^^v ^-cf^mmx^t^o ^umt. 

m^mm^m^ ^ntKx-DX. mmmmxmmm-\tM^^^ ^ 5 Kimt 

i:b$^cj;0. F-^^y hfi^jZv^^ (lit^M^xtf^^i/- (site c omp 
etition epitaxy)) (D.J. Larkin, P. G. 
Neudeck, J. A. Powel 1, S.t>*L. G. Matus, Appl. 

Phys. Lett. 6 5, 1659 (1 99 4)) Xti^^eiPpH (S. N 
akamura, T. Mukai, M. Senoh, Jpn. J. 

Appl. Phys. 31, 2885 ( 1 9 9 2) ) tfc^^T 

[0 0 5 3] 
[0 0 5 4] 

-mm y^-Y^^y^hLx-^^^ )mno:>^ ^ ^ ^ u -tf- a ^ w-r 

^^'^(Dy''u^7.m^(Dmt\z.X'jx. y''u^7sm^^m.m±.t^^mm^}k& 

© § o >y h F U y^) T-x ^y f - y fcg 

m^mt^T-Emmm^/y.^m'f-f^timMm. (afm) »tcd;oT. ^ri 



mS^4^^5^^U-{f-S^3yT#So AFM. SEM. 7 T;VX4^-)t^iS1St 
m. AES. LEED. yj\y\£yy''U'-y\ E D S XfiffiOM^^^^/fS'^^X 

# So ^?MSmgS P L Si^ic J; ^ T. 7fe^W#tt^^-^ ^ ^ ^ U -tr^-S/ a >T 
f-y^^^m. AES. LEEDWEDSa?S^CJ;oT. i^- FXfi:4^^'>;l/C)ffi 

[0 0 5 5] 

(Dim (or^x ocDfcib ictm ^ n/c m'mxnmm^mm b t ^ i \ 

[0 0 5 6] 

7i<*«mffixti°^^:^- (HVPE) mmii. fgnxhof^^ 
ib(DtmH^(Dmm.&mx^^o 

[0 0 5 7] 

HVP E7°n-feXtCfcV>T. M^LTG aN>&ffll/^§i:. H C Hi. iSMS^' 
'J'^A (Ga) OM^Sx-TiijiL. ffiettGaC lit. G aN^^^^t^fc}^ 

icyy^^y (nHs ) tRmt^mmv-yic^j^-^nx. WM-^n^o ca 



[0 0 5 8] 

m^Mm^mmt^o o . 15 mm/et h d jiv^^Mg^M l. m 0 v p 

G a C 1 tDW-a-^SJSct^T. ±IH©:;^t:&fi)cfim«^^cM$n§o 

[0 0 5 9] 
[0 0 6 0] 

[0 0 6 1] 

[0 0 6 2] 

TfeJ;l\ (A K G a. In) NlM^i. ^rM«fi-r5±f'&. M^. 



[0 0 6 3] 

(Dmicmmi^-oxtx\^\ f^^f^^^mmmmicx^. ^fiv'Xxi.gHo^^^ 
mm^-^^mt^fcmz^ SiStg^^-^-^^v^T. mx>m^^^t%.x^:^o 

[0 0 6 4] 

^Ch\z^-DX. (Al, Ga, I n) NtflloeWtt^MffllT^So 

46^CfflDn§o 1 cm' fefct) 1 E 1 5— 1 E 2 OtDF-t-S:tf7^-fe7°^— O 
MSeH;()WSL<. ^mo^SStcfc'V^Tti. 1 cm' ^/cD 5 E 1 7-1 E 



1 9(D|ig|EH:6UDff^H/^o 
[0 0 6 5] 

p-M (Al, Ga, I n) N.1?'>;Vm^'^7X7N-(7)ffi^^i:TJi:. 

§0 p-mmu^mi'^ctizx-ox. t-^r^^^^r^ (lox) p-nmrnm 

p-(Al. Ga, I n) N'>X7N-±(D (A 1 , Ga, I n) Nb— if-^V 
[0 0 6 6] 

mm(Dmmc^^. {S/^y^^^^':7yF^MMS*^i2:^s^^^o m^-cmRxf 
mmmm^munxii^-ci— m^i^. msp^^^shl/ca i n) 

^Mg««|3|- (NH3 M^«tl«tLTji^nT-£.?.) (DimK^O. 
^^^^'^yF^MtloM^^Hi. >^-FWM:6^?.J2;v^lBH-effi^^n§©T\ fiv^ 
[0 0 6 7] 

s^fiit' 1 1 1 - V ikmm^-'^)mm^'m3''Qs^n^o y^-mi/x 



(32) #^2 003-52 7 2 9 6 

a h^-7Vy h o TWISTS 7%y y fmc^ M^^M^^m^im 

r^o As. Mn. Co. N iRX}C 

[0 0 6 8] 
[0 0 6 9] 

[0 0 7 0] 

§0 «^nfc«?MrB'^'c»Gai:Nig^cDTOttiH]fi7t^^iijD. mmK 
}'-\£ym4micm—^j: v-^y b^^^^-r^i/u ny©'; y F-tf 
o ct 9 ^^f bf »{**?rp^c (isffl ^ -3 /Co 1 1 1 - V mmimm^ 

(1) ]^~\£y^m&mm^m'iis(Dmimm&i^^^mm^mm\^^(Dx\ 

(2) Wi^F-if:/^'(Dmti;Stcm;^TiS?i]*-t:'fe§o ^iJ;^^^. a^os i 

F-ify^'ckD^^i o{gawj;<. mtmmt^mmx\ «<DF-n°y^'tc 

l5V^T^i##¥«f*TiiftM^?l^SJSaW^F-l^y^'Tiiffii6T€*^T 

(3) «I^F-tiy^'tCc};§G e F-k°y^^tc*3V^Tfi. G e F-^^^FfiG 



(33) #^2 0 0 3-5 2 7 2 9 6 

(6) M^^F-e>^^^fi:. ffl^©'i7X7N- mmi^i^^^t) t:^\£^^iy^ 

jmi^tu^. t-^ji^ h'-\fy'ift^rci6K^m^m-v&^o 

[0 0 7 1] 

F - If y ^'(omm o-M L T. G a -\m$tm^'\i'¥-(om^^^mt 

[0 0 7 2] 
[{bi] 



NA.=60.1%, 1.68 bams, T=21 min 



N^.«39.9%, 4.7 bams, t=14.1 hrs 



[0 0 7 3] 

V^ili:Mt#-e#^o Gef*Ga1f^htC#fi-ri.o FW^> F MSOffiP^. 



M^n:&v^©T\ F-7-^yhM^«. HK^^m^nx. m.m<D7~-vy 

[0 0 7 4] 
[0 0 7 5] 

[0 0 7 6] 

' 3> Gao z.n^(Dnmm\t^^(D^mmti^2. 3i^\ 2i^\ i4. i 

^ntc*,3b^*^t>P.'rG eti:J[]^TM^F-/^yF'fcS3i^n^o 
[0 0 7 7] 

G a NO 1 cm' 1 X 1 0 " ©G e JI?^Sig-r^(DfC+^^;&l^^;l/« 
l^^^fofdt^^:^l:/c5j(i«i:W^^:ttiSv^;b^ (>l o' 4^0-- U) . 
l!©fcJ6. 0SfitcM-:7^^n:^-aL-UtcM^>-r^o 
[0 0 7 8] 

[0 0 7 9] 



[0 0 8 0] 

'7-ciyy^xitm(Dm^mi^x^m^(D^:^^^~ m^i^. o. 1:6^5.0. 7 

[0 0 8 1] 

:^-^'^;Wi-«ft■r^^. «e*cDL a u eiSfe^VHi 0-2 6 X^HIffr/n-tr 
[0 0 8 2] 

#tt^i:WJg$ti§o ^xM-WJgTiiW^giJ(D-9-^X^^^tciTM^-<i§o M 



y^l^-r. >/Uny;?7-;WF (S i C) . 33<ny;^-7WH\ ^V-^^^F. 

m (CMP) ^^tt§o cMP:/n-trxM*©x^u (pH>8) ximm^ 
(pH<6) (D^vmm-^n^o ^{t:»cMPjifi^±tf§/ci6^cx^u» 

[0 0 8 3] 

GaN-^X^N-tt, -^x^N-cD^SC^OttiDli^t^^-r^i^vil^cjSCT. 
[0 0 8 4] 

ht°^'^y^. mm^mmKm<rcibKmmmm'?mmm (tem) ^uv7:t 

tt^^>x>yf->^-- (R I E) . i^rS7x-;K feSVHi^jSttllliIM*-e07 



[0 0 8 5] 

mffy5;^;vx<y^, CMP. mm:^v=^^\tR I E (C 1 -l^fe^V^iiC 1 

[0 0 8 6] 

nwrnwi^-^^-^xit. m.'^mtimmmx^m%\^x. i o x i o /zm' 

^>rLT5;^-y^'Xbn-A*?S0 2mTOTO® (RMS) (D«ffi{±±tfT\ 

imnxh^. '^x/N-oiHfRiti. +0. 3^j;os<-r§jii:{iRrtgT^fe§o 

[0 0 8 7] 

^CtA^MtnSo HEMTjSffltC:j3V^Tfi. ^X7N-ti:H EMTr^V^-rxoS 
[0 0 8 8] 

^$n§o ^XM-^N^SoTV^Si:. ^x7N-(DjP^:^)^-«l?Mv^^. 

^MtgM-r§^x/N-gP5)-«»L. ^©ISmii:0^-«T-^<^§/ca6. ^ 
X7N-±tciftp"oS©xtf^4-e/^;l/M«5^Bfi5c^^i:§tg;f:a»t-§™tt 

^^LT. 'i7XM-«igtc||-r§OT©Mfl!'JiiM^LV\ >>X7N-(7)7^'^tt 1 m* 



(Dm.m (TTv) ii^jL^\-w-tm(D2o%^m. ^p>^cff^b<«5%«-e 

[0 0 8 9] 
[0 0 9 0] 

(A 1 , G a, In) Nt^^ jiyyu^xo^mimmmBm 

^^mmiC^^ysmii. (a l, Ca, in) N:^^^JVtiWM&J^A(Dm^ 

{f> 1 cmlfi^i) . fi^> 1 mm^^-r^o fi5cMS«> M^li. 9 0 0*^?) 1 
2 0 0 V(DU&-V 2 0 /i/H#raJ;(±. G a N^C^f LTti 9 0 0 1 1 0 0 "C^b'i 
»tL<. A 1 NtcMLTtt9 5 0*^?, 1 2 0 0°C«^LV\ 
[0 0 9 1] 

— C)Omi*6^^^5S«fi:43l/^T. G a N G a N v^- F|gHl«D±tCfi!c 

tf^4^>^jtfi (HVPE) tcJ;D G a NCD3 0 0 ^^■9-77-f70±tCj?5cS^ii: 

[0 0 9 2] 

x^A(Df|^TvN^F^-r FMfflxif^4^i/figs (HVPE) ic^ionmcn^n 

[0 0 9 3] 

0 2;&#pt-^^. 4>&Hj?g-r§';7^^-g§§i 2^^tyur^ 



-r. m^-cyzoitmtymmx^^o nMumm^y-fyi i 
^v^) fcgi^^tiSo J^fb7j<^M#i,m^^y2 oaur^^-^tii 2p^x\ 

gP^SWO^iJPS^ tlfcSa 2 4 ^H^r § U 7 ^ ^-^tl 1 2 OP^f Pg^^^ 2 2 til 

g^^nrv^So mm-^nrcmm2 4imm:ffV'yL.2 8(Dunm^2 e^^-r 

[0 0 9 4] 

[0 0 9 5] 

[0 0 9 6] 

iy^-7h©,«tctt-9--b7°^3 6:^)^ra^nT43D. ^ti^. M^f^. JiH© 



(40) #^2 003-52 7 2 9 6 

tt. 7 ^^-mm 1 2 ©p^gpg^ 1 4 (D^^sr^ a 0 ^c^sv^t. m^'^-c y 1 
6 (i/^y) . 18 (7>^-7) i:rtfI5K^^^2 2 (;9^';^i^i:m{l:7j<*OE 

[0 0 9 7] 

mm.^m\^^^^x. m^(Dmmmmm-^\.x. •»^)^Kmm (caN) 

[0 09 8] 

ntME^^^Z 2€)mP:6^^:^^^«n?.^^ LfcijtMfi7°n-i2XO 
[0 0 9 9] 

H V P E :^^^Mmfti^7.lt. iiS^M*{4^<DTTH V P EfigS^C J; DS 

^{t^n. H V p EM©ff^^ i:fetc^piMA'?si^to?i^>-r§mo«^® 

?^*-XA^fiJjlLTl^§a (Robert P. Vaudo, et al 

. (D^m^cx^ 1 9 9 8^^i ommn^m^mmmmmo 9/179, 049 

HVPE G amn<Dfp(DMiiimmyj\^tt^K. ^LXmt'^J^it^lC'D 

nr:kmim<o sxio' cm" (DmiL^&(DU-<Mi. ^y7^y±(D2 



0 0 — 3 0 0 /imffcDG aNjiT#3ltt^?>oTM^tl. •h-'i)-'?>^^U^Mi 

StgtiJi:^ (i) (i i) ^t^'i;;l/:/^■bx:^;^|fi^^:W 

[0 10 0] 

HVPE fti'ii7.lcMLr!KJt^mtf^i^mK&X^n (CaCOii^lz) . figs 

^MiiW^t-liM^n. fe^v^MMW^ii'WM^n^oT- (Hc 1, NH3 Ocfc 

T C E-S^J/-F±©fi5c:SOfigtttcKLT. ^i<'>«ft^^lII-V«{b!t^ 

T c E F±-elltT^n/cti^. f^mu&t^^(0^~jv^'^ y 

(m. iii-v«»i;a^sji^bv^s^^tt. ;i?'>;v«mt;/xas^-F 

immmucnt^n^ri^ ^ o sis^'j(D+^^:fef±t|&i: t c e -m^i^- f±©^ 

[0 10 1] 

xm^m(D$micm^mmm:r.\£^di^iy^;vMm}^mfu^:^ cleo) 

tcJ;D3ifiSc^n§o 
[0 10 2] 

LEoimmm (m^i£. s i 3 , w, xas i 02 ) $.§v^«x>yg=-y 



[0 10 3] 

(Ga, Al, In) N.1^^^7;Vti. ^tilfiJcSL/c L E Oi^- FO±MS$-t^ 
§iii:A^Rrt^T\ ^fcti. 4-"'>;V:/n-bX(*i;7^^-*^?,LE0#*l^l^^-ii: 

[0 10 4] 

HVPE:r''>;Vyiii-bXtCfel/^T. l«p°p«OG a NS/- F©igffltcijO;^T. M 
^f^. cina. J:bi?«V^fi5tSrSie (M^ff. 1^9 0 0*^^1^! 1 0 0°C) 

[0 10 5] 

^orci6«STfe^o L a u eIllJjf*^|grH73M^St-§/c46Mffi^n. M 
$ao^>-Ft4-:^;VO»mit;^*cDM. m^i'AES. LEED. X^yf-y^' 
. X P S ^^^t?MfS=^^y-;V^i^ffl LT^^lcm/fWti:?*S^n§o 
[0 10 6] 

ffi^^ci^oT. .-}^''>;^a'^x7^-:7'^>'^^ct;]l^r^n§o y^-v--y-^^^c 
(^v-vtyF/BC) Sffjgx^UTW^n. ffiMy-f^-a^^^y;!/© 



(43) #g2 0 0 3-5 2 7 2 9 6 

[0 10 7] 

j^.tf^^^o (1) X^^i/y^Vn-trXic^^t^fgi/^^OPOnx. (2) 
^y^^-x^^>'>^lcj;§<j;D]fv^^i^^'>;l/X;V-7°'y (3) x^^s/y 

[0 10 8] 

0. 5mm©(D^*) MS U 0{gVv^y F4i> >y :/tfc(iM^§ F-^^> h 

(Al, Ga, I n) Nt^^Jl(Df^j^^rcli}^'-\£y^'ly^;V^^^'^)l(D±S:lC 

[0 10 9] 

{@@ijc7)^X7N-f*;g:Sig-r§X^'i'^/y^'tfcfi^^fijyn-bXtcMv^T. 
i/ y ^^7°n -fe X 7 X/ ^- CD ^mmfU^ ^ n o ^ ©-9-^ y i: ui;^ 

5ti46§#ati. 3 y 11° - ^ ^ P)S?WJg7°n -bX J: D 

^Ycoz-Dmf.nmm-^n. w^n/c^^os i c^x7n-«ie^t« 

Jt-3Rff^(7:)'i7X/N— \W-r§o >-XxAfit^;^-r§»S^9=-^y7°aK©/ci6. 



§ cfc 9 n y If ^ - ^ n§ o i» ^'tt X ^ y ^^(Dml^n 6c t ti^^J 

[Olio] 
[0 111] 
[0 112] 

[0 113] 

m±(0 (Al, Ga, In) N i:(5{£|WI^T\ :^s^JV(D^&K-DnX^mtmm 

x}/^itxmmM(o-^^^)\^(D]&^-^^m\^t^yn^7.\c^<on^cht)'^x^^ 



JRLTJ;i\ ^rc. ^^ISrH^lfi (M^tf c. a, m, r) ilS^iJ^-^r^S 

[0 114] 

[0 115] 
HUMi 

7j<mft:tlMfflxt?^4^S/^fii4 (H V P E) J: G a N v^- FMgH^0CD±tC)t 
[0 116] 

G a N i/- F,^g|lti H V P E /t^^W U 7 F J; D SiS^ tlfco G a 



S i C 1 4 ffiTSJiStt-r^tyx^yf- (R I E) ^n. OV^-eC aN;i)^5.affi 

(Dm'^^t^mitm^m^t^rcibKmmt^m.mx^mmnrco v^- his 

55cS*^T?fl^^^n§^TW^n/cc m(Dj^m(Dmm. ^x/N-orMfias 9 3°c 
micnt^yy^r-ycDWi^ims sizmn-^nrco 0. 1 smm/sfofigsia 

[0 117] 

G aN4<'>;Viic:^OC:^-3L/cG aNS^-FO±tCifS^8 cm' . fi?4mm 
[0 118] 

^nfcmi©'>x7N-Mjg$nTg@ 1 -^y^t-^titco 

[0 119] 

ji^^-{cMt^iim^^^Bxmtiy:^y^'ij~y^mm. fwhm msic^.t) 



(47) !|$«2 0 0 3-5 2 7 2 9 6 

a|!53 5 1 a r c s e c ^gOG a N^xnxt°^4^i/^;V#tCEnS5[1"^o 

t tm-^ n. mmmit i o " cm"' M-e^ -d tco 

[0 12 0] 
[0 12 1] 

[0 12 2] 

[0 12 3] 

;^®«-^t'»>;KDiTffi^ti>'-F^r0O^ntc^LV\ MHH^^Jlcfc'V^T. 
[0 12 4] 

*SteL-IS?S^O. ^LTT C ES^OS/- F^SrH^c4Dtt§«^;: J; 

s i cx«^^7r-r7±tD^n^Tos/-F«i:«^b<^tTO^c. mate< 

4mm©G a N^jSS^nTt^tC b/Co WOi^- FfDmS«:}t^^;^©iiScfi(DPES^C 
[0 12 5] 



[0 12 6] 

[0 12 7] 
[0 12 8] 

[0 12 9] 

[0 13 0] 

^M\^^l&mU&. cfcO^fV^NH' /Gait. imt3. LV^MiE^iQ-Tii 
[0 13 1] 

. i±±im) li. #^;l/tcJ:D«^n^^X7N-^p°a(7)#tt;&g;^ffr§fc46 

[0 13 2] 



[0 13 3] 

■rn«igLED9OC»M0-efe§o n-F-7°A 1 G a N«-?'fe§'i7XM-t* 
. ^^DTO^:n-«ffi9 4«filc$nTl/^^o -^X/N-OiffitcMMS 9 6 - 
1 OAtimm-^n. n-A l G aN^^^y HJ19 6. tI^H-:/! n G a N?gttM 
^jl98. p-SA 1 GaN^^^y FMl 00. p-MG a N3>^^^ hJI 1 0 
2]at;p-«ffil 0 4^#LTl/^^o 
[0 13 4] 

0 5 w%0^o4?^;i/<]: D^#p)nfc'>x7^- 1 1 2 (D±KBm-$nrc-\^mu 

-^-■^^t-]^ 1 1 OMM-rS^o ^X7^-l 1 2tip-§yA 1 GaN# 
T\ ^©Tffi±tC;^ffiaOp-n>^^h«ffil 14^^-r^o '>X7N-(7)±® 

1 1 6- 1 2 4^^m^n. p-SA 1 G a N^^-y FH 1 1 6. G 
aN/I nGaNM«?^tP?gttMft!cill 1 8. n-SA 1 GaN^^^y Fil 
120. n-SG aNny^^ Fil 1 2 2 i:n-«i|il 2 4^Wf §o 
[0 13 5] 

m 6 fi. *fg0J!cD.i^'^;Vc}: D#?)n/c'>x/^- i 3 2 0±fcffM^nfc^5'm 
Ttltmtll 3 OOMfflg^Tfe^o -^XM- 1 3 2fiA 1 X, Ga.-x, N-MT 
ffM^tlTl/^T. ilCt?xl>x2 + 0. 0 5-efeSo '^XM— tcMMS 1 3 
4-1 3 7*^^aji^n. n-g^A 1 x> Ga,-x. NmSl34. n-§aA 
1x2 Ga,-x2 NMii 1 3 6. n-mi 3 7. » (*F-7°) A 1 X 
2Ga,-x2 NTOii 1 3 8. p-MA 1 x2 G a i-xz NMjil4 0. 



mi 4 4^^t^o 
[0 13 6] 

in 7 «2ts:fR|0^(7).tN'>;VJ; KfWlbnrc^mmG a N^^X^n- 1 5 2 (D±Kj^^-^ 
nfcM?»gh^>i>'X^ 1 5 OcDMBSHTfeSo -^XM-l 5 2^craM 
ill 5 4- 1 5 *F-7°GaNlil 5 4. 1 OO^y^^Xhn- 

A*?iO^-^^(DffO*F-7°A 1 G aNM 1 5 6. ^1^2 0 Oty^^Xhu-L. 
0^-^-ff©n + A 1 GaNiil S^Wt-^o xVWX«jg(i. ^(l^^n^J; 

5 F ymm 1 6 0 . FWffi 1 6 2 . v-xmm i e 4 >s:*-r §0 

[0 13 7] 

m8it:^mmt^'y^\^^^n<bnrcn-m (a 1 ca i n) N'i7x/N-i 82 

1 8 4%^-^. ^0±lCtin-^ (A 1 Ga I n) N ^ 

[0 13 8] 

0 9^i:*li0^tCj:^4<'i7;]/>^)^e.t#Sn/cn-§JG aN'>XM-2 0 2 0±^Cff^ 
fiSc^n/cA 1 G aN/GaN^f-n>^>^^^>'ay/W4^-^F^y>^X^2 0 
GOMMt^fe^o xV^-rXCD^jgtin-^G aNnb^^2 0 4. nP^^n 
y^^F2 0 6.»V^ (M^t^s 1 0 0-3 0 0nmff) p-^GaN^-Xfl 

J|^2 0 8. -^-7>^S2 1 O^mt^o -<~7.m^(D±lCn-mA 1 G aNX^ 
^y^2 1 2^x^^y^mS2 1 A^^-^^o X5 ^ 

46^;:, ^-X2 0 8 0G aN*^?)X5^yi5?2 1 2 OA 1 G a NlMtc^bTMM 
[0 13 9] 

^mmc-D^. cceii. g53Ml:X«S5>SiJJi:j;D^«^v^^nx^^ Fn 
x^XxVWX-#tt^X7^-:^)^^^^^n^^V^^^5^*^LT>t^'>;I/^DM^ 



r^r(D±Km\^^ (^J^tf 3 0 0-5 0 O^^nyjpcD) G a N^figS^-^r^il 
tlC^^mmm^V^'O. it<-9-77^7»»P.OGaN:?r^^IIL. ^(D'i^CD 

\z9fiL-^. HV PEi/X -ri^rtT. fe^l/^tiHVP Ei/XxiA*^?)«Stc^< 
[0 14 0] 

[02] mzii. *fgH^cD-(D^SSMtCj:^4?'>;VOMO/cJ6tDG aN 
H V P E e/XxA«Wl2lT35§o 

[0 3] 0 3a. *5§0^cD-(7)^3gi?iJicj;?,HVPEd^^^;l/S?S^cJ;DS 

[04] 04 Ji. *%Hjo.ts'^;l/*^e.t#P)nfc'^xM-±te:ffM^nfc^^ 
7VV^-rn«3gL E DcD»0Tfe§o 

[0 5] 0 5fi. *%0^(D.i^^'>;I/:6^?>t#P,n/c'>X7N-±tciaB^nfc^ 

[06] 06«. *^0^(D3j?'>;VA^5.l#^nfc'>X7N-±lcS»nfc^ 

3'^l.l7tt^i±lg|«BS0T-S?.o 

[0 7] 0 7 a. «0J!©4?^;V:^^P)t#P>n:/c'>x7N-±tcSJi^n/c^ 



(52) !|tg2 0 03-5 2 7 2 96 




[03] 



(53) 



#112 0 0 3-5 2 7 2 96 





Figure 9 



(56) !^g2 0 0 3-5 2 7 2 9 6 

[MB] 4^4^ 1 50 (2 0 0 2. 4. 1 5) 

miEMmmm^^ mmm 

^UXffaM (A 1 , Ga, In) N4^^'>;VTfeoT. ig#^'>;l//b^tuiai/- FISh^h 
(A 1 , G a, In) N4?^;Vo 

TOJM2] 5 c m' ^±m^mmmm^^tmMm i mm(Dt^^jv. 
[ft sRii 4] vpEic^-oXf^mL ramm 1 ihko ^1^^ ^ ;Vo 
Mmmr\ 1 cm' fefc?) 1 0' *?iiD^P(io±ffi^i5im^^'r§tt5K]ii IS 

mMm 9 ] c -mKm\^-$nrciy- fishIon ( a 1 , c a , 

I n) -ffi«fib/tii5f<]ll|H«^D3^^^;K 

[if 10] n -mm^m 1 f2«o4<'>;i/o 

mMMi 1] '^^^Rt;y;i/-7-'^A*^f>^§g^A^p)MJK^nfcF-^-^ 

y FSt:- F-yfflii^n/ciwi 1 mmoDt^^jVo 

Ummi 2] t5IH^^*F-/^>FStii^-^>;0^?)ig»^n§ltMl 



1 mm(D:rs^)V. 

tmm 1 1 immcDt^^y^K 

l^^mi 4] 1 cm' fefcf^^l E 1 5-^5 E 1 90^?a«?^tfi^ 
15] 1 c m' fefc D*^ 5 E 1 7 1 E 1 9 (D^ra«?li>&^ 
mM-m 16] p -MOW 1 12icc».i?'>;k 

19] 1 c m' fe/c 0 ^ 1 E 1 5 1 E 1 9 OS^^IEJLM^ 
^ C S J: 5 F-^M^ n/iW Af<]S 1 6 fH«(D2}?^;K 

[ft 3f<ll 2 0] 1 c m ' ^/c 0 5 E 1 7 1 E 1 9 OgrSiE?L?SS^ 
^ i: § J; a F-7°M^ n/clM^ 1 6 IHic0.i?'^7;Vo 

itmm 2 2] taia f-^^> hao^»K^fflv^T F-:/M^nfcif 

5f<]l2 l|afc^D4^^'>;^o 

[if5l<IM2 3] tulHFW^y hS:<)^p-«*?iV^¥{itOF-^^yFISIf*V 

[iWl24] 1 E ScfcD^^V^ (^P,tC»^L<^i;. lE6t;^±0)o 
h m - c m j; D U^JrkfgirL^W-r § If sRJM 2 1 H2ic©^i< ;K 

[ii*iM2 5] ^^ly- m^Bt^mty- vm^sVMt^r^^mnt 

^-a-t? (Al. Ga. In) N4^^^;l/Tfe^T. tul5S^- Fl^fs^^MIH3K'i7;^«■ 



(A 1 , G a. In) 

[|fM2 7] MfSPfiMtt. VPE. CVD. PVD. MBE. MOV 

P ES.tfHV P E*^P.5S:§ff*^e»i^^n§«7°n-bX^Cci;0±'ia^n§lt* 

mMm3 0] 1 cm' fefcD 1 o' ^m(Dmmxmmmmt^m^m 
ummd 1] 1 cm' $.fco 1 o" *?i©sffi«mg^wt-§if^ii 

[ifM3 2] 1 cm%@^§B»J:tfl mm^S^^S^^^L. ^ 

[ifM3 3] c-ll a-m. m-m. r -|lJl;?)^e.:^§P^^P>«?n 
§SHfB]^^-r?.i/-F^SrH«5L. H-^gHlfi. N— a. 4od;t; (I n, A 1 

. G a) 1 ~ 1 0 mvmm-^ ntcm^m i iH«tD.t*'>;Vo 

[11^:13 4] MiaCAl. Ga. I n) (A 1 , Ga, In 

[IWI3 5] tulH (A 1 , G a. I n) mitmt. G a N^^tsmMM 
1 IB«OJ}<^;Vo 

[if5l^^3 6] M«F-lfy^^tcj;D F-^M^tlfc (A 1 , G a, 

[If «II 3 7] 1 c m' fefc D $5 1 E 1 5 5 E 1 9 ©^rSW^SS^ 



(59) #^2 0 0 3-5 2 7 2 9 6 

itmrn 3 8] 6 0 0 v^^m^^umvmmK x § F-T^M^nfcii 

[if^]S40] !|ittxy:/lx«-btCT (A 1, Ga, I n) NOfiScfti:. 

umm4 1 ] ifM 1 i^Mm(Dt^^)it-ibmm-^nrc^jL^\-o 

[IWI4 2] c-ffi. a-tt. m-ffi. r -W;0^^^§l¥A^^W^n 

[||aR^4 3] ^-iiSH^0W^^t,o. 5-1 oST«^nfciafR]»-r'S 

-ON— S^at^ (I n, Al, G a) -ffi©^-^^>>S:< ilfe 10)S:#1-;|,|f3f<IK 

4 imm(o^j^^^-o 

rB^^^liLfc|f5R:S4 1 tHig(D'^7X7^-o 

^^nrcmmW(Dmmvh ti . MiB'^x/N-fituratR^n/cWiioMiH^ 

[iS5fc]l4 7] (Al. Ga, I n) N2}?'>;V:6^P.M^n/cTVWXp°p 

(A 1 , G a, In) NcD^x/N-Tfe-^ T. tulH (A 1 ,G a , I n) N4^~ 
^;Vtt^Mi/-F^SII:6^P)^SL. mtEt^^yM^. i^- F-ISh^bJ: 
aoW^^-r^ (A 1 , G a. In) -^x/n-o 

[11*114 8] 10x1 0/im' Offim/cD 5 A*»RMS|§®M 
«W-r § if 5f<I| 4 7 X/ N-o 



(60) #82 0 0 3-5 2 7 2 9 6 

[ifM4 9] 1 m>^S^§ft^^@^#-r§ffi*^4 7|H«0'>XM- 



mMms 1 ] -\^mic^-ormi&'$nrc^m^^'r^m^m4 Tie®© 

CliM 5 4] 50^ m*?S(7)S K)^mt^ If 5f<:® 4 7 IB«© "^7 X7 

5 5] 10^ m*?iOS D ^^-rSIf 5f<:^ 4 7 IEKO'^x/n-^ 
6] MIH^x/^-ftI^cX^itulE'^7X/^-±^i:v-r^^x^^ h 
nx^X • xWxM:^$t,tc^ii-r§if5{<«4 7'^X7N-, 

[W5f<iM5 7] MIEv^^nx^^hnx^x • xVWXtS^^i. 

^M3y4^-^.ybj^OTai;f]M«/5)^^^§^>b^?,^iR$n§it^iM4 7tD'> 

X7N— o 

[|f5f<iS5 8] (Al, Ga, I n) N^^'^/^l/CDSjt^^^ST^oT. 
tulB4< ( A 1 , G a . In) N S^- FlgreO^-T ^ X x >y 7° . 
MIHJi?^;!/^^ i; § J: 9 tc. MtSx tf ^ >r ^ ^ tMIH>^- FtcSE>S;^iS] 
MtfilB^>>-FtcTO;5:7afR]^0|iS^|q]T\ MIBS^- FISrH±-e (A 1 , Ga, 
In) N#5^^fi5cfi^-^. ^©ISmMIE4^^'>;V*^ >^-FISiicfcD^tV«ffi 

[MM 5 9] MtHfiScgXx>y 1 mmhfc D 2 0 m^S^^j^gg 

Umm 6 0 ] MIHitSX-r >y fit. 1 B^P^fefc 5 0 /i m^Sx ^^fi 



1] luia (A 1 , G a, I n) NlJmC aN>^^^. figSfi 
1^9 0 0~$5 1 1 0 0°COrUSISfflTlltT$tlSifM5 8|fi«C»7a?£c 

[iSM6 2] Mia (A 1 , G a, I n) N#mA 1 N^^^^. fi^m^ 

,^9 5 o~i5 1 2 0 cco^gfifBH-r^tT^n^iisR^s 8ie«cD:^^o 

[^aR]S6 3] ffflH (A 1 . G a. I n) NWm I nN>^^*. m&ff 
^7 0 0-159 0 O-C^glEHTHtT^tlSilsR^S 8fH«073^o 

[»M6 5] mmiy~h'^m±V(D (A 1 , G a, In) mUO^A 

[ifM6 6] talHi/- FIS0^0±T^© (A 1 . Ga, I n) NWII^j^gfi 

[ifAl<lM6 7] MIHv/- Flg0^0±-eO (A 1 . Ga, I n) N^J^O^ft 
Ji. 15 1 0~^D 1 0 0 OOIBHT. IIlMlil#:t^>f1-^g*^#Mlg#:M* 

[|f*IB6 8] ffifHv'- F^rH±TtO (A 1 , Ga, I n) Ntf5^(Dfi!cfi 
[if*3S6 9] ^^^(Dmm^^^'yMi (A1, Ga, In) NMOfcid 

-7.t(Dmimmmmmmnt^rci^iz. (ai, ca, i n) NMMfcJi 

[1151^:^7 1 ] mm^^^yMt 1 mm^^x.^S^tT^S-r^WA^^SS 8 

[IWI7 2] tuW'>;I/ti4mm^e^;g.S^^«St-SiiAl<Il5 8 



mmm 1 3] mi^-^-'^Mt 1 0 mm^n.^^w^-^i:Wim-^mm^ 5 

[fl^^ 7 4 ] MIS4^^'>;Vfitiiia^ftaffi^Pi^g*^^ 1 c m' fefc D 1 0 
[|fM7 5] wm^-^'^Mt 1 c m^@^§ifS-^?S^WLTfilcfi-rSlf 

[|fM7 7] MlHi/- FliSfsfi. c-W. a-tt. m-ffi. r-»?, 
5 8 tcSB«cD7^?4o 

[IM^ 7 8 ] tulHS^- FlgrBfi^-^Srsfft*^ 6 0, 5-10 St:-^»T^ 

A 1 , G a, In) -ffiT^tf ^tl^lfM 5 SlHicOTa^o 

[lisR]S8 0] Mia4-''>;V(iG a N4?'^7;l/:i)^6t#?.nfc>'- F|grH±T'fiic 

fi-r§lt5l^IM5 8lH«tD7a?So 

[» ^11 8 1 ] tulB^>- F^raa H V P E U 7 F :t 7g?4JC J; o T 

^ii^n/ciM]^ 5 8 tClHi^OTaiSo 

mim^ 2] F|grs±«5LfcMfH (Al, Ga, In) Ntfl^ 

f*. !«!f4x>yb-F-eO (A 1, Ga, In) NO^fi^. WW^ X 

^tiffBxy7^b-F«*i:. tcj;oTS3g^nfci/-FISB^0-r«it^n?.|f* 

115 8fHlc©7^& 

[IMIS8 3] tulSCAl, Ga, I n) NlJmMIBi/- FSrH^MIH 
[|fM8 4] |iilB^>^< ^fe l-OOtfip^jiti, VPE. CVD. PVD 



5 SlHSO^^o 

imMms 5] mmwmm (a i . g a. in) mnmrni^^sShM 
-j'Tjmxsmfp^r^^mt-^^mu-^n^Y-^^yvm^^tmm (ca, ai 

[|fAf<]l8 7] (A 1 ,G a, I n) Ntf;^©MtHfi5cftfi (A 1, Ga, I 
^(DV-T.COim.O^'m^t. 1 Bfr^^fcD 2 0 /im^@^§ (Al, Ga, In 
[if^RJlSB] 4mm^Sx.§ff^-\I I I -V)5^g«#5^^^«-& 

Wsf^iMS 8IH«0^?So 

y^li:J;oT^«^Hi:^il^^8 9IB«iD^^o 

[|fM9 1 ] nr FU U y^\ W^&?i>x^y y^-^'-cDil?! 

^^t?iiAf<ii 8 9 ia«o^?So 

[|f^IM9 2] ff^lB'i7X7^-^Dffi^^^^ 1 0 x 1 0 /Am s ' fefcD 1 0 A* 

M9 iiaig©7?iSo 

[if 9 3 ] p*ilJiffiMfi^l^S-r § J: d tulH'^X7N-;S:Ma-r ^ ^ 

^ B ^c^ijlf M 9 1 tBKo^^o 

[liM9 4] lulB'>X7N-±o-7^^nxb^ hu-^X • xVWXii 



5{<]l8 9iaicW?So 

[iff5f<]l9 7] tulHCAl. Ga, I n) NWmC a N^^t?|f5f<^8 

9lH«^D7??So 

[fWle 8] m%^^:r,;\~lt'mm^t^Z.}i^-^h\z^mmmB> 9IH 
[itAf<JR9 9] T[|5 < f)V^0M>|^ii#:T-tfiia'^X7N-(D^-y 

[If Ml 0 0] Mfawgm{*«. mtt^^ym. mit'r 

tfiMiig 9ia«o:^?So 

Itmm 10 1] « C M P X ^ U -ffifigife]^tf C M P X ^ U -ffi 

-r^ct^-^^ic^mmms 9ia»^So 

. Mia'>XM-0'>>S:< lC)Offi>&SJStt-r:tyx^y9^y^-r§ili:^$f. 

tc$t?iiM8 9ia«©^?So 

mMm 10 3] if*:s 1 fa«o.i<'>;i/:6^p>#p,nfca«^^^. Mtaa 

^X • xVWXMo 

[ilM 10 4] MSaxWXti:. H]^tf I^— ^f-*^^.:^^ 

^ n§if M 1 0 3 tciai$© V Y ^ n X ^ h n X ^ X • x« 



(65) #^2 0 0 3-5 2 7 2 9 6 

[if M 10 5] mmmii^^m-^nfcmMm i o s i^ihsov^ ^ n 
[ISM 1 0 6] niLLrcMn±mmm i o stsicov^^nxb^ h 



(66) 



#g2 0 0 3-5 2 7 2 9 6 
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